mmm 

MZ-te. HM2 0 0 3 - 1 0 4 9 9 3 ^^^g^«, Mmt LIB I N 

ap (2, 2' -t*x (>? 7x -;i/5isx 7 / ) -l, l' -t*^-^^ 
STi£X£}JDx.3 £<h&< 2 - 7 p a° J — )V 4* Tr®* (D *r h >fc£-#»2r 

20 ifc. #Hf§¥ 11-322649 f^itlti, jSitbt^illCX 
^ ><hCD^J#^l^^S.Z» U X^;PT^ ><£>##T. m-h'J7 
L^L&7^6, #08 2003-104993 ff&$R KfSiK $ tlTcM^ 



2 



nsferow, JK i&SH K ck o T JR ^ -^gtfttei® v> d <h a< $> o 

Tto 1 1 - 3 2 2 6 4 9 » £ h'JX 

>"?A. U ^?A»#G>tt«A6<£:SI£EL. fl*«&<Z>f£ffl Witt 

)v & m it-r ^ 7? & & o 

-«5S ( 1 ) 

Ar 
I 

O Ru-X 
II ✓ \ 
R 3 -S-N NHR 4 

O ^ 

R 1 R 2 



3 



10 Xtt, 7 — 3->tt£T* 0 , 

is *^w©^2©3t^«ttT;ni-;K3D«ffi»3:, -S£5£ (2) tisn 

-i&3£ (2) 

20 Cp 
I 

O M -X 
l» ✓ N. 
R 3 -S-N NHR 4 

O ^ 

R 1 R2 

(2) <K R'&tfR'te, l^-T*oTfcSVifC^^oT^T 
25 *>«fc<, YJV^rJVM. itS^f LT^TfectV^xZJH, B&X£ 



4 



feet lSII^tLT^Tt)=fc^7x-;HSt5* >7 7 

10 ^^l^it. ) 

-fiSiS (1) Xfct (2) ©R'fttf RM^W-fcTJI^^St bttt. 
sec-WI, ter t-7"fJHfwmi-lO0 
<hbTte, ^JX-ti^SmcD^i 4-/^7x"JH^3, 5 

4-* h + y7i^;Hf®7;i/3^yS5f-r57x-JH 

fastens, in^tit^T t>=t ^t7fMi it 

tt, Mx.tfiIiOt7fJH, 5, 6, 7, 8-fh7th'D-l- 
^-7^;US, 5, 6, 7, 8-fh7th'n-2-t7fJH^t*^ 



s 



S3s£££ Hit ^IAtfR'tR ! i^-il:/j:oT^)i!c^n/:y^O'\ 

— (l) Xte (2) ©R 3 t:i3it57J^JHibtlt 0tfx.fcf 
sec- ^^;i/S, t e r t - 7 3=- ;W S m 0) m M 3& 1 ~ 1 O©?;^^ 

>»l/», 5, 6, 7, 8-f h^kh'P-l-tyf^i, 5, 6, 7, 

8 -7- h7tFD-2 -^-7^;p*^i:3&^tf e»ns. mmm& 

15 -^?^7x-JHt3, 5-y^^7iZJH^2, 4, 6-hU 
y^^Jly x-JH^> 2 , 4, 6 — H 'J-f V7o k°JP7x-JH^©7^ 
+ £ 7 x— 4 - 7Mn7i-JH^ 4-i7Dn7i 

-;Hf »Any>fftS*tt5 7x-M, 4-* h + ->7i-Jl/ 
S^©7;m + yS^tt5 7xz;H75; ( i;^lf^n^o 

20 -l&iC (1) Xit (2) (7) R 4 \Z&ttZ> T)V*)Vmt: LTte, 

t^frm^z-^frmtzztfmvf *>nz>&. r 4 £ * u^cd^tk^ 

— J&Sit (1) ©ArtLTtt, WA«^Bift©^>1f>©ed^ h)V 
X > , o - , m-X(ip- + yk>, o - , m-XUp-y^>, 1, 

25 2, 3-, 1, 2, 4-Xtel, 3, 5 - h U ^ ^;U^>if >, 1, 2, 
4, 5 -T- h V *^)V^>M >X\Z 1 , 2, 3, 4 b ^*^;i/^> 



6 



wt £ ^ > -t? > fc £ a* ^ e> n s , 

(1) Xtt (2) ©Xli7-t>ftXT*5^, #J xJ£ ? >y 3t 
Ho#7-M, ^b^*X [3, 5-tfX (bU7Kn/^) 7 

x.—)V] 7t^->s, ^>y-r;u**>>s, (2, 6- 

10 ^kKQ*'>^> , /'f^) t + v'S, (2, 5-ykFo^->^>^ 
;i<) *3r~>S> (3-75/^> , /'fW (2, 6-*h^ 

->^>y-r;u) ^-^->». (2, 4, 6 - h u -f v y o tr;u^>y-r 

;W **->S* i -1-7* u>ti)i#>mm. 2 -7-7? \yytl)V^> 
MM. h'J7Mo7th + yl, h 'J 7 JI/^ □ * 37 >X ~>S, 
15 h U 7)V*u * ? >7UI/*>-T S KXft ^tlSo H (7) -5 ^ > X 

y >s-e*^>o 

(1) Xte (2) IC*3V>T, R \ R 2 &tfR 3 te> ^-T^ot 
20 ^tt^7x-^S, 1 ~ 5 (D7)l/U3ri/m&m-tZ>7x. — )IM 

ut^jifSU^. -flSiS (1) T1S;Vt^7AII, (2) Tttn 

y^AXti-f U v^Ad 2liHfift^5X5 1 l/>y75 >i5f^# (R 
3 S0 2 NHCHR 1 CHR 2 NHR 4 ) T^IBte b T V> -5 d <h ^ £ , R R 

•5 £ <h fd J: K> ft O . BP*>> Ifl//y7^>iSfttLT[t TsDPEN 



7 



(N- ( p - MUX>XJl'*n;i/) -1, 2 - y 7 xZJHfl/yy'7 
5 > ) . MsDPEN (N-*^>x;P7fr-;P-l, 2 - y7i~JHf 
>-/7^» , n-t^ju-n' - ( p - hJPX>X;i/*-^) -1, 
2-y7i-JHfl/>y7$>, N — (p - * h 4=- > 7 x - )VX 
5 -1, 2-y7iz;Hf U>y7^>, N — (p - ^ □ □ 7 x 

— ;U) -1, 2-y7i-JHf l/>y7^>, N-h'J7 
)V*u * 9 >x;U* — ;U- 1 , 2-y7i"JHf U/y7^>, N- 
(2. 4, 6-hU/fJK>1f>XJ^r:^) -1, 2 -y7xZ^ 
X^U>> ? T^>, N — (2, 4, 6-NU-rV7"Plf;K>t'>X;> 
10 zNx;i/) - 1 , 2 - y'7i-JHf l/>-77 5>, N- (4 - te r t 

-y^;i/^>-tf>x;i/^x;p) -1, 2 - -771-JHf i/>y7$ >, 

N — ( 2 7 - 1 , 2-y7i-JHf l/>y*75 

N- (3, 5 - =J * >-tf >X;I/7}n- -1, 2 - v 5 ^ x - 

y-JT >. N-^>^^^;i/^>-tf>x;u*x;p- 1 , 2- 

15 y7i-Jl^X?l/>y75 >, 1, 2 - N - h ~>;P-> ^ o > >?T 

20 co T -S o 

(3) 

R 5 R 6 R 9 R 1 ° 




W Ru Z 



25 



R 7 R 8 R 1 1 R 1 2 
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(~-JtM (3) Wtt. lll^f lt^Tt)J:l^^iTfeO. 

Ytt, BH4^|<7Zt>ttlTfef) > 

(3) {c^3ttSR s ~R 8 <OS«lS«:WbTViTfeJ:Vi^{fc;7Km 

^;pr;i/^;u^(D^'fb7Km»«i:. cn^Mfb7KmS(c> $ <=>fc7 Jk*;k, 

25 T;i/^ — y^o7iKiK 7U-;k 7^3 + y, IXfJk Tv 



9 



Z(D?*>m&M£LXte2ffi<Di%it*mffi (^IA(i-CH 2 -. - (C 

h 2 > 2-, - (ch 2 ) 3-, - (ch 2 > 4-m<»m%vim.i\:*m%&. - 

5 CH.CH (CH 3 ) -. -CH (CH 3 ) CH (CH 3 ) -&<h*CD 

w -t 3 #Ht: * m m > -C1H4-, - c*u lQ -f&E(D%kwim.ik*mtz 

2tifi<Z)t: t! U v^>, 2ffi(D^^m^^7ii:75^frf'in^o £ CD 5 2 

(3) 2 j^SS&^-irfe^v^x^^ >t£## 

15 (R 5 R 6 P-W-PR 7 R 8 ) #*B2{ibT^£ d £ j&> 6 > R s ~R 8 S.t^W 
lZ£Dft? 0 IP^, >^X:7^ >a£ Ltd BINAP ( 2 , 2 t: 

x (vx i ^ -r y ) - 1 . 1 •- t*^-^^;p) , toibinap ( 2 , 

2'-t*X [ (4-^fJl^7i-^) -1, l'-fc^X^ 

20 , XylBINAP ( 2, 2'-k*X [ (3, 5-y^fJl/7i±^) *X 

7^y] - l, l •- tf . 2, 2--t*x [ ( 4 - t - 

7ii^)*^7-fy] -l, i '- t*^- ^ , 2, 2*- ex 
[ (4-i'y7nf^7ir^) ^X7^ry] - l , l ' - t* ± y 
)V) , 2, 2'-t'x [ (^-7^ v>- l --f ;p) *X7-r/] -1, 

25 1 t*^-X^;i/) , 2, 2'-f7> [ (^"-7^ l/>- 2 --f *X7 
W/] -1, 1 Mj-y^JV) , BICHEMP ( 2 , 2'-tTX (yy^D 
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^\+yi^X7^y) -6, 6'- zS *?-)V- I , r-t*7i'JH . 
BPPFA (1- [1, 2 - t* X - (y7i-J|/*X7^f / ) X x □ -fc X 
;U] IfJl/7$» , CHIRAPHOS (2, 3 - t'X ( v 5 7 x — Jl/tfcX 7 
4 J) X 9 > . CYCPHOS + 2 - t* X (iS7 

5 xX;i/*XX^y)X^>), DEGPHOS ( 1 - B m - 3 , 4 - t* X 
( X x XJl/* X X ^ y ) fDiJyy) . DIOP ( 2 , 3 --f VT'Ot 
U^>-2, 3 - ^ fc K 1 , 4 -t'X ( (vXx -;^:^t^XX^' 

y) X*>) , SKEWPHOS ( 2 , 4-tfX (y7iZi^X7^) 
>) , duphos (a&- 1, 2 - k*X (*X*^ y ) ^>if >) , 

io dipamp ( i , 2 - tfx [ (o - y h^v-xx-;i/) xxx^^xx-r 

J ] X ^ > ) , NORPHOS (5, 6 - fc* X (v?Xxx;i/7frXX^y) - 
2 - J )V # ;W * > ) . PROPHOS (1, 2 - k* X (^XxX^^XX-Y 

y ) ~r u n > , phanephos (4, l 2 - k x ('XXxx;i^xx-f 

y) - [2, 2' ] -A7yy077» . 2'-kX ( 

is xxx;i/t}nxx^ y ) -l, i , -t*tfu> ? >) ^t'^j^^ns. 

-i&iC (3) z ^ciHfcTK^tli Lilt ^JAtf-CH 2 -, 

- (ch 2 ) 2-, - (ch 2 > 3 -. - (ch 2 > 4-mo>mmwi%4t*m 

£L -CH 2 CH (CH 3 ) -CH (CH 3 ) CH (CH a ) -U£(D 



1 1 



— )V. x^D7j^;k 7U-;k 7JH3*->. ixfik r^u^ 

— jKSC (3) -rUil/f-^ AfC 2 J^BEfiT-efc-g) 5*7 a >^^«£ (R 
5 9 R l0 N - Z -N R 1 1 R ,2 ) T^SHfi LTV>3 d £fr <=> , R 9 ~ R 1 Z 
<7) ? L ^ft<*:^J(D^nq^ dCQyT ^ > £ ^J^"T £ ZL t: IZ cfc 

Off^o EP^> y7$ >'^ifrilTtt, DPEN ( 1 , 2-iSyx.~)V 
Ifl/>y7$» . N-^^;U-1, 2 - y7x'JUf U>-/7^ 
N , N ' -5**fJU-l, 2-y7x-JHf l/>y75>, 1, 
10 2-y^DA + 1t>^7>>, DAIPEN (l--fV^DtT;p-2, 2 - 
V (p-/h + y7i-JV) If l/>y75» . 1, 2-i"?w\7 
?>zS7^>. 2, 3 - v?*f ;i/>^^ >5*7 S l-*7-)V-2, 2 

-y7x-^Xf y>y75>> 1 f V7*0 t!Jl/ - 2 , 2 - 5* 37 :n ~ 

iHfl/>y'7 ^ >, l-*f;U-2, 2 - ( p - >< h + y7i- 
15 Ifl/>y*7> l-X^;i/-2, 2-y (p-^h + ->7i^ 

^) XfL'>y75> 1 l-7iz;H2, 2-y (p-^h^y7i 

- x^i/>i/T^>, i-^>>?;i/-2, 2-^ (p-*h4^>:7 

i-W Ifl/>y75>, 1-^7 7*^-2, 2 -5Mp-* h=* 
y7x-iP) If l/>-775>^i'WS^n, Z. (D 5 ^ DPEN D 
20 AIPEN 7^*f?£ L^o £7c, cn^CD^ ■t.^^fg'tt^yT^ >f£*|#;£W 

25 — JKiC (3) CfeltSYlif h7t HD^7-hl ( B H 4 ) £B£< 
7lt>ftStife0, ^Atf7^li, III, HISIS. H^HS. T 



12 

t h + yS. ^ > V < ;U 7j" * -> m , ( 2 , 6-ytFD + y^>V^f 
;P) ^^->S, (2, 5-yth'D + y^>'/<JH :t*~>S, (3- 

^j-^^s. (2, 6 - y h + ->^>^/-r ;p) 

S. (2, 4, 6-hU^7^Dk*JK> 1 /^^) ^*>-», l-±7 
10 (1) ~ (3) T^$n^^^lM#:«, S2fttt<7)^«^a&£ 1 

y^mmm. x— fh7tFa77>/ 1 £t'©i-Tin^i < y^ 

^*zs)Vtr h >tzE(D*r V >&mm. 7th-h>JJk DMF (5?*^ 
JWA75F) > N-/?JPk°oU H>, DMSO ( 5? y 

20 £ n £ o 

-flgiS (i) (2) -ei^n^^f-yA, uv*? Kikts^ u-y 

r7A$gffc<£>fiS!»77j£te> Angew. Chem. , Int. Ed. Engl. Vol.36. p285 
( 1997) , J. Org. Chem. Vol.64, p2186 ( 1999) # fCKife £ tlT ^ 5 . 
-TftfrlS. IBfel^X^fc^Jl/r-^A, P v>C AXtt^f U ^ Adtech, 

25 x;i/*x;i/i/T ^ >iE{3:^<Dj^j^(c J: D ^-^pTHg-e^^o <fc3v^;i, x 
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-«3t (3) T^$n5Jl/f-^A^*©^i^^li, Angew. Che 
m. . Int. Ed. Engl. Vol.37, pi 703 (1998) Organometallics vol. 21. pi 
047 (2001) *l:Et$nTt»4. Tftfc)^ SSte^X * *> ojl^f - ? 
5 AkH'Jh'Mi, y^7>{ >8B<£^, *t»T^7 5 >BS&^£SJ£ 
f -5 C <h T Jifc T €T -5, $>-5VWL J|/f-^AAOy><t» 

io — #s£ (i) x*i&-&nz>)i'T-v A$$ft.<Dm3£mwhuz>)i<T-<y a 

aiftii/tii, WAtf* ififfcJi/^rx^A (m) tK*o«k JMt>>i^x^A 
(m) mt)Vv~-vi± (m) ^fq^^oit^i/^x^Ate^^K 

[ 2 JgfbJU^x? a (y ;u^;i/-^-^x>) ] [2M^f-^ 
A 5-^X>) ] fx (*^;U7U;iO 

is ;i/^-^A (->^n:r^^-i, 5-> f x>) ^<o>?x>*«iBfi[bfc;u 

T-VAit&m. [ 2 jfitoJl/^X^A (^>if>) ] [2lfcfl: 
^f-^A (p-~>*>) ] [ 2 i£ft;i^X>7A (h'J^fJl/ 

^>if>) ] [2lfUf- , )A (^\^1t^^;i/^>if >) ] 

20 U x (hU7i-^*X7^f» ;i/-r-x«7 A^cD/frx 7 ^ >a*BE&L£: 

h'JT, (h^iZJ^X?^/) JU^xr? A^^ffl l^£*l<5o ^-Offi. 

25 tt&V*. mx-te. COMPREHENSIVE ORGANOMETALLIC CHEMISTRY n 
Vol. 7 p294— 296 (PERGAMON) l:S$nfc. ©;|/^x £ Alg#: £ 
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tti 58JSm £ L Tffl ^ -5 d <h £ -5 . 

-*« (2) T^^nS^^O y ->Aig«:&^^< 'J y^A^W 

c a (in) ^kituwi* (m) TKfPW, fcitwoi* (m) * 

xx^nv^A] ^te, [ 2 ^ffc^>^*^;u~>^ n^>^>>xx;i/ 

?a] grmfc&m^t>nz>. 

i/)V7 )Vn-)V&£<DT )V&mm* TthxMJJk DMF, N 

15 -*^;HfnU H >&t*DM s Oft <H^^nj0iC^£^frW«8^*£;^ 

*^i©^i~i3-en -ass*; (i) - (3) -e^£*i£:&jgg8# 
t^rh > fb 4114^ *{~Afu flnJEE7R#TTig^-r* C fCcfc 

20 0 >r v xt^^KD^mit^n o **, z.<D£g<D7km<Di£tite* 

#JtT3 tl- 2 0 O^EEcDlBBrtW* b < , 5-150 EE <0 IB B 
iOff^t^o KJfciaffite, *I£r'ft£#Jt-f 3 t-5 0-1 0 Ot^i 

-30-5 CCOtfiHTfT 5 CI £ L < , 

2 0- 5 0 X,(DmWT»no Z.£tf& DfcFS LI*, S^^liSJSlSi 
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<D&»<o#i£ic«fc off-5 d<ta<T€r*. — «5£ d) (2) 

■CSSn-S^i^^ffll^i^Ctt (1) Xte (2) T'i££ 

5 : 7$ K#fle = 1 • 0:0-1. 0 t;HS*) , -flSiS ( 1 ) X 

(2) T?Sft 3*1* LTHX (X«fi&ffia><h*39) £8sJjn 
L,Tfe«kV> HX=1. 0:0-0. 5^e;i/^») 0 

SJ^^I*|-e> »(6t575h*J!lfrtHX («Atf7U'«#:H 
X = 1 . 0:0. 5-1. 5 ^E;H5*) ( 1 ) Xtt ( 2 ) © 

2 -*?■)],- 2 - y — ;^ctt*©7^3- ;p#jgj£, 7h7tFn7 

15 ^> (THF) , S?X^;PX— -r-;W&£<DX — -r-^SSJgflE, DMSO, 

ii<ht>T#^ 0 cms 5 y )vn — )V^m 

M©^i-«3ffffl$n5-^ (i) ~ (3) -e^ns^ 

(SUM, Ctttti) t^titSi:, S/C^lO-100, 0 0 
0 CDfBHTffl C <fcd«T€T, 50~ 1 0, 0 0 0 ©Iltffll^ii: 

25 

*mw<?>m i ~fg 3 (^jk^^^icu, ^ii:^i;t, i«xtttiti 
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<7>Jtt*a&fln-r 5 c: <ha<T#s. RifrWfcte, jfijfi&gfeu a, 

U-7A. fh77J^0^7i7y^y^A, ^ f> 7 7 P * 
;U->^A, f h77iZj^7l'Jf7A, "5r h 7 7 x — ^^c^g?^ h 
'Jr>A, fh77i-;^'7S67y^y'7A 1 #7- h z> v x - 

10 iM^tc^tbT 1 ~ 1 0 0 0 *:)v^mmMvx>r h xD^mitKf^^mm 

0 0 =Ejvmmm l^, 

^fg^caffi i ~sg 3 ic&tt^-j&ss (1) ~ (3) Tisn^ig^g 
#+©>F^^*tt, vi-rnfc (r> ttxte <s) ^©^fn^tLTi 

15 3 C <hrt*T^r3 CtlbCO (R) (S) #©V>i*na* 

<s> d £ 0 . mm-rz (r) #xte (s) w-oyt^fe'&r >v 
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rm2a)mmm. 0311, noi;<*- h >fc^#j<£>#ijg£3t-rffi 3 cdis^ 
0, 0 4tt ^d<^t b><£&®(Dmm&&~r$&4<Dmwm. msit. 

ik&WKDmm&mTm e (dujbjih, 0 7it ^n;<^h>{t^i!i©ii 
20 sr^-rss 7 <&ift9i0-e<&s. 
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^ffl^fco NMRte, JNM-LA400 (4 0 0 MHz, 

VlfttSSi) S^JNM-LA 5 0 0 (5 0 0 MHz, B^MTttm) & 
fflViTM']^bfc 0 'HNMR«fh7^Jk>7> (IMS) &fa&m 

5 mmnizm^. 3i PNMRtt8 5%'j>i$5W$iist:ffl^ 1 -en 
h^?^- (go xtemmmit? p-t h ^ y a - <hplo k 

ctDPJ^U/to G C Chirasil - DEX CB (0. 25mm X 25m, DF =0. 25 
U m) (CHROMPACK *tS*) V>T$iJ5£ L , HPLC(^7JH^ 

io Mftmmti^i* (^-r-n;n±^) *m^x®\i£\^tc 0 £fc. ±fE-j&5S 

(1) (D&m&fcte'AXalCffi Angew. Chem., Int. Ed. Engl. Vol.36, 
p285 (1997K ±IB-^^ (2) CD t&Mfgtete^ftl^iSfc J. Org. Chem. V 
ol. 64. p2186 (1999) > _t IE — &t ^ (3) <7> ^ M ^ *0 35C ffi Angew. 

Chem., Int. Ed. Engl. Vol.37, pi 703 (1998) ^ Organometallics Vol. 2 1, 

15 P io47 (2001) \zum2nrc^itkizmvT&&Lisfc 0 
immm 1 ] 

4 -7 3 2 -*XD7kmitfrfo\Z&Z> (S) -4 

-7iz;|/-3 - >^>- 2 — ;K75^fiK^J$r^TtC^To ;i/^n^7 
Afg# RuCl [ (S, S) -Tsdpen] (p-cymene) (1.6mg, 0. 0025mmol) £50mL 
20 (7)X^> UXm^T- h 9 — yiCtt&*, T^rf >g&bfc 0 4-7x 
3 -y^>- 2 (0. 291mL, 2mmol) , ;* ^ 7 — JU (5m 

L) £ii5sSnL, tKsRTUOJE^, 5laI««ILfc. tK 50^/1 ^TttjA & 

zox:x\mmmm£. fcfo&ti&ismizmvtz, ±& 

»©'HNMRtHPLCW6, 90% ee <£> (S) -4-7i-^- 

25 3 -y^>- 2 — ;u#63%iRsp-c£j5fcLTv>fc. 

^ — ^ AfM#<£>iEtBte, fe^^illlf. T-*>&m. v7 5 >12{i 
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i£ (4) 




[SlJfcfl! 2-10] 

(S) - 4 - 7 ^~)V~ 3 - y^>- 2 -^-^Sr^/dcLfc. 



20 



M l 



10 




► 






chiral Ru cat H : 


s (atm) 


yield (%) 


ee (%) 


config 


2 


RuCI[(S,S)-Tsdpen](p-cymene) 


9 


18 


81 


S 


3 


RuCI[(S,S)-Tsdpen](dmb) 


50 


32 


91 


S 


4 


RuCI[(S,S)-Tsdpen](mesitylene) 


50 


100 


79 


S 


5 


RuCI[(S,S)-Tsdpen](teb) 


50 


61 


91 


S 


6 


RuCI[(S,S)-Tsdpen](durene) 


50 


29 


71 


S 


7 


RuCI[(S,S)-Tsdpen](pmb) 


50 


30 


89 


S 


8 


RuCI[(S,S)-Tsdpen](hmb) 


50 


78 


88 


S 


9 


RuCI[(S,S)-Msdpen](p-cymene) 


50 


78 


88 


S 


10 


RuCI[(S,S)-(5,6,7,8-tetrahydronaphthalen 
e-2-yl)sutfonyl-dpen](p-cymene) 


50 


69 


91 


S 



Conditions: chiral Ru cat 0.0025 mmol, CH 3 OH 5 ml, S/C = 800, temp 30 °C, time 1 1 h, 
[ketone] = 0.4 M, dmb: 1 ,4-dimethylbenzene, teb: 1,3,5-triethylbenzene, 
durene: 1 ,2,4,5-tetramethylbenzene, pmb: pentamethylbenzene, 
hmb: hexamethylbenzene. 

i-mmm ii-i9] 
20 mm i tmcgtft-eBLfe&mffiVT. (s> - 4 - y^-)v- 3 



25 



21 



£ 2 



10 



15 




► 






art Hi tii#A 
audi 11 vo 


to m n °C 






wi 1 1 ly 


11 




50 


50 


87 


s 


12 a 


- 


30 


27 


75 


s 


13 * 




30 


33 


88 


s 


14 


NaCI0 4 
0.125 mmol 


30 


88 


92 


s 


15 


LiCI0 4 
0.125 mmol 


30 


80 


92 


s 


16 


KCI0 4 
0.125 mmol 


30 


64 


92 


5 


17 


BaCI0 4 
0.125 mmol 


30 


69 


93 


s 


18 


NaPF 6 
0.125 mmol 


30 


75 


90 


s 


19 


NaBF 4 
0.125 mmol 


30 


77 


93 


s 



Conditions: [ketone] - 0.4 M in CH3OH, RuCI[(S,S)-Tsdpen](p-cymene) 
0.0025 mmol, S/C - 800, hfe 50 atm, time 11 h, solvent 5 ml, 
• [ketone] = 0.1 M, "[ketone] -1.0 M. 



20 i%mm 20-26] 

1 £mc2kft-eK&&nM\sX* (s) -4-7i-;p-3-^5 1 >- 



25 



22 



M 3 



O OH 




chiral Ru cat solvent additive yield (%) ee (%) config 



20 


RuCI[(S, S)-Tsdpen](p-cymene) 


CH 3 OH:H 2 0 

=-99:1 


NaCI0 4 
0.125 mmol 


79 


89 


S 


21 


RuCI[(S,S)-Tsdpen](p-cymene) 


CH 3 OH:THF 
- 80:20 


NaCI0 4 
0.125 mmoi 


53 


93 


S 


22 


RuCI[(S,S)-Tsdpen](p-cymene) 


DMF:H 2 0 
= 80:20 


NaCI0 4 
0.125 mmol 


37 


92 


S 


23 


RuCI[(S, S)-Tsdpen](p-cymene) 


CH 3 OH 


NaCI0 4 
0.025 mmol 


68 


92 


s 


24 


R uC I [(S, S)-Tsdpen] (p-cymene) 


CH3OH 


NaCI0 4 
2.5 mmol 


64 


92 


s 


25 


RuCI[(S,S)-Tsdpen](mesitylene) a CH 3 OH 


NaCI0 4 
0.125 mmol 


69 


90 


s 


26 


RuCI[(S, S)-Tsdpen](mesitylene) 


* CH3OH 


NaCI0 4 
0.125 mmol 


90 


94 


s 



Conditions: [ketone] = 0.4 M, chiral Ru cat 0.0025 mmol, S/C = 800, 

H 2 50 atm, temp 30 °C, time 1 1 h, solvent 5 ml, 8 S/C - 2000. 6 S/C = 2000, H 2 100 atm. 



immm 2 7 ] 

1 -< >yy xDTkmitfcfoiz xz> cs) --r >y y -)u<Den&m& 

5 ^T^^To A m& RuCl[(S, S)-Tsdpen] (p-cymene) (1.6mg, 0. 

0025mmol) <hl-f>y/> (330 mg, 2. 5 mmol) £50 mL ©Xr> 
l/^Ht-h^l/-^!Cttii^« 7 JVzfymmVTci, **/—)V (5m 

10 ^©'HNMRiHPL C^ffA^ 6 , 98% ee © ( S ) — -f >^ / — ;|/#* 



v&mm2 8-31] 

5 £4 

O OH 

c& -s* o^> 



chiral Ru cat solvent H 2 (atm) yield (%) ee (%) config 



28 


RuCI[(S,S)-Tsdpen](mesitylene) 


CH 3 OH 


50 


89 


98 


S 


29 


RuCI[(S,S)-Tsdpen](mesitylene) 


C 2 H 5 OH 


50 


20 


76 


S 


30 


RuCI[(S,S)-Tsdpen](mesitylene) 


CH3OH 


100 


86 


98 


s 


31 


RuCI[(S,S)-Tsdpen](mesitylene) " 


CH3OH 


50 


98 


98 


s 



Conditions: chiral Ru cat 0.0025 mmol, solvent 5 ml, S/C = 1000, temp 30 °C, time 11 h, 
[ketone] = 0.5 M. a 24h. 



[il^J 3 2] 

1 -7:n-jUX^/— ;i/CD-g-i&#iJ£J^TtC^To — ^7 RuCl 

10 [ (S, S) -Tsdpen] (mesitylene) ( lmg, 0. 00 1 6mmol) ta-^nD7th7 
x / > (247mg, 1. 6 mmol) £50mL WXr>l/Xlt- U-^(Cf±jA 
7 )Vziym.W&* *9S—)V (3. 2mL) £gstJPL/co Tfc H £ An EE L , 
5®Wmisfz 0 *m£50^BH£TttjA^SJ&£P^L/io 30*CT-24^^ 
jgJ&ffiTJ^SEKMU. 4U«0'HNMRi:GCm^. 9 
15 8Xee<0(R)-2-^no-l - 7 x ~ ;i/X ^ / — )V1fi 100% JR*T 



24 

l'MmW3 3] 

1 - y x. - ;i/x^ y -^KD-g-^^J^WTtc^To Ji^x^Alift: RuQ 

[ (S, S) -Tsdpen] (mesitylene) ( lmg, 0. 00 16mmol) ta-^DQ7th7 
5 x / > ( 1235mg, 8. Ommol) £50mL ©Xr> l/XSt- h ? 

T )lzl >mm'&* *#S-)V (16. OmL) £*&}J0L/i o 7.k3l2:jjD 
IE L , 5[»lg8!L/io tK^ £ lOO^ffi £ T ttj^^S^ £ IS & L 30"C 

tf^6> 97% ee <7) (R) - 2 - ^OD - 1 - 7x-JVX^;-^^85 
10 %iR*£-et#<E>nTV>£ £ <h#fc>^o7c. 
['ifeM 3 4 - 4 0] 

2 £1^ C$zi*-Cfcfo&'£1MLT. (R) - 2- ^DD-l-7i-;H 

15 



20 



25 



25 



M 5 

O OH 

^y^ ci **** » f* j? Y^ cl 



10 





chiral Ru cat 


S/C 


H 2 (atm) 


yield (%) 


ee (%) 


config 


34 


RuCI[(S,S)-Tsdpen](p-cymene) 


1000 


50 


48 


92 


R 


35 


RuCI[(S,S)-Tsdpen](mesitylene) 


1500 


50 


100 


98 


R 


36 


RuCI[(S,S)-Tsdpon](mesltylene) 


2000 


50 


88 


98 


R 


37 


RuCI[(S,S)-Tsdpen](me3rtylene) 


2000 


100 


100 


98 


R 


38 


RuCI[(S,S)-T8dpen](mesitylene) 


3000 


100 


100 


97 


R 


39 


RuCI[(S,S)-Tsdpen](mesitylene) 


4000 


100 


96 


98 


R 


40 


R uCI [( S, S) -Tsd p en] (mes ity 1 ene ) a 


5000 


50 


46 


97 


R 



Conditions: chiral Ru cat 0.0016 mmol, solvent CH3OH, temp 30 °C, time 24 h, 
[ketone] = 0.5 M. 3 15 h. 



15 inffimii] 

1 -7m-;i/x^ y -)i<<D&j&m$:£XT\z^-ro )Vt-=.o i^mw- r u [(s. 

S) -Tsdpen] (p-cymene) <h HBF<^ 6 MU £ tltcMM&m l> , *9 J—frl 
t --f^-)VT)Vu— )V 1 : 1 fg-S-^J^-eSOatm <D * 3R EE £ an* T JE 
20 ^^JfiUfc^nfCtt. ^JIS« 3 2 <h^i;*frTR*S&^JI5UT, 95% ee 
<D (R) - 2 - 7 U P - 1 - 7 x -;UX^ J — ;i/SrJR^100%"C^fc. 

immm4 2] 

a-^oo7th7x7 XOTK^-fbS^tCtS^^fiHi 2 -^on- 
1 - 7 x.~)1sJli7 S -JKD&f&M&VATlZfjkTo )VT-*Jl±$kfo CpRhC 
25 1 [ (S. S) -Tsdpen] (Cp : ^>^/?Jk>^ P^>^yX>) b 



26 

LT. 93% ee(D (R) - 2- ^/OD-l - 7i"JH^ / — ;U£iR#4 
(THSit (5) #HB) o 



5 it (5) 




15 

C^SS^d 4 3 ] 

2-^no-l - (p-/h + -/7iz^) x^/— ;KD£-/&0iI£:^TK 
^-T, ;P ^ — ^ A lg ft: RuCl [ (S. S) -Tsdpen] (mesitylene) ( 1 mg, 0.0016m 
20 mol) <ha — ^OP— p— h^y7th7x/> (1477mg, 8. Ommol) , 
NaC10< (lOmg, 0. 08mmol) £50mL WXf>UXSt- h ^ U-T/fCtfc^ 

T;i/rf>«^?^, (i6.0mD 2:^*0 Lfc, tK^jojee 

L , 5HIS#IUfco TK^^rlOOmffi^TttiA^SJi&^^^b^c 30^7:2 
4B#PifJjt#^ SfSffi^^aEE^M i^#jO'HNMRi:GC»lT^ 
25 98% ee 0(R)-2-^PD - 1 - (p K + y7xZJl.) x^ / 



27 



i%mm4 4] 

a - V uu - p - * h + y7t h7x7 ><£> 7k ^1 {fc J£ fd J; -5 ft^fg 
fi2-^no-l - ( P -^h + y7i-^) J — )V<d£x$l&\%:VA 
T {C if< T 0 ^r-->A$t* RuCl [ (S, S) -Tsdpen] (mesitylene) ( 1 mg, 0.00 
5 16mmol) ta-^OD-p-^DD7t h7i7> (605mg, 3. 2mmo 
1) , NaClO. (lOmg. 0. 08mmol) £50mL WXf> UXl^ — h 9 \/ — ~7\Z 
7 )Vzlym.Wi$.* **?/—)\< (6.4mL) £&s2)nL7Co tK^StSP 
ffiL, 5 1h!B&U7c, *^£100mffi£Ttt&^S)££IS#ib£:o 30^ 

10 #r^<=>. 95% ee(D (R) - 2- ^OP-l - ( p - 9 U U 7 x 
/ — ;i/^93%iR^Tr^B5cbTVi^) ^ ii^^b^ofco 
[3lS60iJ4 5] 

J^T^^fo 7;H*>T» 50mL (73X^> kXit- h ^ U — Ru 
15 CI [ (S, S) -Tsdpen] (mesitylene) ( 1. Omg, 0. 0 0 1 6mmol) £ ft & /v >£._.. w*L 
C4-^n?y> (474m g, 3. 2mmol) » ^ ^ 7 — )V ( 6. 4mL) 

irob, 7KS-eSDmm> 5ini««iL7^o 7K^^5omffi^-etfcjA^.sjs^w 

91%ee<Z> (S) - 4 - ^ P7/-J^q00 

20 %iR^-T?^^bTVife, 
tmMM4 6 ] 

^□7/ >(D7K^fbJSli&(Cct;S7t^^'t4 4 077 -;KZ)-g- /&#]£: 
J^TfC^-To T;l/zf>T, 50mL <DXt> UXM^- b 2 V — ~7\Z. Ru 
CI [ (S. S) -Tsdpen] (p-cymene) ( 1. Omg, 0. 00 16mmol) £ tti* ^ f£o Z tl 
25 C4-^D7/> (474m g, 3. 2mmol) > * 9 J — )V (6. 4mL) &m 



28 



#}Lfco 30t;T23l$fB]fflfc#1£. R )>'& J£ t) & 1$ Hi IZ m L fc 0 ^fiK^Sr'H 
NMRtH P L C5*#tt^6, 97% ee (D (S) - 4 ->? D7/- ;U#*85 

[*S£#I4 7] 

BlTlC^T. T;Hf>T, 50mL <7>X^> l/Xm*- h 2 V-~f\z, Ru 
CI [ (S. S) -Tsdpen] (p-cymene) (1. Omg, 0. 0016mmol) , NaC104 (lOmg, 
0. 08mmol) £tt&Ay£l. :ni:4-^a7/> (1185m g, 8. Ommol) , 
y^/ — )V (16mL) SrSSflnb. 7K*TJnffi«, 5[alS^bfeo 7KfJf£5 
10 OMJE*-Cttj&*JE*«:IHi&bfc- 30'C'C23!5IHI«#gL R^BErt*?* 
ttHzmisfCo t^^O'HNMRtHPLC^Ird^, 97% ee <£> (S) 
- 4 -^OT/-J^i93%iR$-ei^UT^fc. 
[SSlfiflU 8] 

3' - t FD + yJt h7x7 >©7fc*fbRfcfc«fc*tt36f£te (3' 
15 -kHD + y7i-^) y -;KD^^^J$rJ^T(C^To T;Wzf>T, 
50mL ©X^>U^i4^-— h ^ U — Z?\Z, RuCl [ (S, S) -Tsdpen] (mesitylen 
e) (0. 93mg, 0. 0015mmol) , NaC104 (9. 2mg. 0. 075mmol) £r t±&/ufdo 
Z. tl \Z 3 ' -k Fn + y7t h7x7 > (613m g, 4. 5mmol) , y ^ 
(9mL) SrSistJnL, tK^T^JE^. 5Ih1BI&L£:. 7RPfi£10(m 

MLfco tfiic^O'HNMRiHPLC^IfA^, 98% ee <£> ^ -ft 
(3' -kFD + ->7i-Jl/) X* y-;l/^98%iR^-e^gKUTVifeo 
[^SS^J4 9] 

5, 6-ykFD-4H-fX7[2, 3 - b ] J- * tf 7 > - 4 - ^" > 
25 -7, 7 - i?Or*is V<Dj£mitfrfo\Z&2>yt¥m$t 5 , 6-ykFD- 
4H-fl7[2, 3-b]ftK5>-4-kHD*'>-7, 7-v 5 ^ 



29 



K(7)&JiJc0iJ£JKATtc;£To 7;M>T, 50mL <D X 5 1 - > 1/ X © * — 
h^l/-yc, RuCl [ (S. S) -Tsdpen] (mesitylene) ( 0. 93mg, 0. 00 1 5mmo 
1) . NaC104 (9. 2mg. 0. 075mmol) &t±&Ajfz a Z tl iZ 5 , 6-ytH 
D-4H-fiy[2, 3 - b] Mzr >- 4 -*>- 7 , 7 + 
5 -> K (455m g, 2. 25mmol) . * ^ / - )V (22. 5mL) ^r^JPL, TfciSS 

-efipmf£, siHia&Lfc. ioo^m;£Tft&^j£i££ii$&L7to 3 

P L C5*#f ^ 6. 98% ee <D (S) - 5, 6-ykFD-4 H-fiy 
[2, 3 - b] ^Jr tT^ >- 4 - t h* 0 + '>- 7 , 7 - i?**^ F#100 
10 %JR*£T£fi£LTV>£: 0 
[^M^J 5 0 ] 

^■^^I^J^T^^-T. T;U^f>T, 50mL ©Xr > I'XSt- h ^ I/- 
~7lZ. RuCl [ (S, S) -Tsdpen] (mesitylene) (0. 93mg, 0. 0015mmol) , NaCIO 
15 4 (9. 2mg. 0. 075mmol) £tt&/u£: 0 CtlC7th-;P (111m g, 1.5 
mmol) , *9J— )V (3.0 mL) £ MP U , * ?{l T flP J£ , 5 BSglb 

Kfo&.tl&nm\zmVtzo iliScttfD'HNMRtHPCLM^^ 63 
% ee <D (R) -1, 2 - Zf n/1 > — ;l^^*97% itX^T^^ LT t^fco 
20 CUSS^J 5 1 ] 

2, 3 - zr* >i?*>(D7kmfcfcmiz£z>yt¥m®i 2 , 3-z??>>> 

* — IVCD'&tfLm&tkT^fKf * T;U3f>T> 50mL ©Xf> l/XSt- 
RuCl ( (S, S) -Tsdpen] (p-cymene) (0. 95mg, 0. 0015mmol) , 
NaC104 (9. 2mg, 0. 075mmol) £ tfciA Ay£f 0 ^ tl ^ 2 , 3-^^>v^-> 
25 ( 129m g, 1. 5mmol) , *9 J— )V (3.0 mL) £^PL-, tK ijt T; £P BE 
5 HimglL-fc,, 7Km^50miE*Tti:^^SiS^^^LAco 30"CT18 
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(S, S) -2. 3 -zf9 >iS*-)UJ)m%Umi:%.&LLX 

immm 5 2 ] 

5 4 - y x— ;u- 3 - y^>- 2 - ^x^TkHHtSfS^j; s (R) -4 
-7x-;u-3-y^>-2 -*!• — ;Ko^fiKW*£ATK:*T. ;p-y-— 

A &ft RuHCl [ (S) -tolbinap] [ (S, S) -dpen] ( lmg, 0. 00097mmol) £ 50mL 
WXf> UXM-t- h * U--:/tCtt&^ 7 )Vzi>W.W&. 4 - 7 x.- 
)V- 3 -7^> - 2 (0. 283mL, 1. 94mmol) , *9S—)V (1.9 

10 mL) £«DL. 7K3ft£*0J£Lg&Lfe (50) . tKIH £9^11 £ 

*JK*&«rHteLfc. 30t:-T?llWfm*»«, MM^^^ffilClL. RJfc 
f^©lHNMRtHPLCt;i:04fi!c1l3-rfe5 4-7x-^-3-yf 
> - 2 — ;KD ^ * <h ft ¥*fi& d ^, 74% ee (7) (R) 

4 -7iZJk 3 - Zf^>- 2 -^"-;l/^65%iR^-r^fiELTV^c 0 & 

^*x-7^>bb&^ ym&^vmiz&^T&z (Tie 

5$ (6) #Rg) o 
^ (6) 
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RuHCI [(S)-tolbinap] [(S, S)-dpon] 




[-MMW 5 3 - 5 4] 

JV^r—O 2±$aifc RuHCI [ (S, S) -tolbinap] [ (S, S) -dpen] ^lllltLtffl^, 
15 ^6 



0 








OH 


























chiral Ru cat 


temp, °C 


additive 


yield (%) 


ee (%) 


config 


53 RuHCI[(S)-tolbinap][(S,S)-dpen] 


50 




100 


75 


ft 


54 RuHCI[(SHolbinap][(S,S)-dpen] 


30 


NaCI0 4 
0.05 mot 


96 


75 


ft 


2 a RuH(BH 4 )[(S)-tolbinap][(S,S)-dpen] 


30 


NaCI0 4 
0.05 mol 


20 


76 


ft 



Conditions: chiral Ru cat 0.001 mmol, CH 3 OH 2 ml, S/C - 2000, time 11 h, H 2 9 atm, 
[ketone] = 1.0 M. 

a itmm 
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[Jt«SE« 2 ] 

;i/ x - ^ A IS RuH (BH.) [ (S. S) -tolbinap] [ (S. S) -dpen] $«i<i:LT 
5 [J£l*0iJ3] 

J*$$fo RuCh [ (S) -tolbinap] [ (S. S) -dpen] ( lmg, 0. 00097mmo 
1) £ KOt-Bu (0. lmg, 0. 00097mmol) £ 50mL CD 7> y- > U X M^t— H ^ 
^-^ictti*^, T )Vzi>W.W&. 4 - 7 ^~)V- 3 -7^> - 2 
> (0. 283mL, 1. 94mmol) , )V (1. 9mL) £Mnb» tK^^SP 

10 ffiLiilfc (50) o 7K^^9mm*TttjA^.J5J^^ffi^L^o 30t: 

[ifcH&#J4] 

2 -yo/V -^^T'MiS^HJaLfcJ^n^, J£t*#l 2 £|WItiL 4- 
15 3 2 -^->£;Rjftb7£;^ SJSiW'HNMRi 

D4-7I-JH3 - y^>- 2 -t-;HiIflU^t^LT^^^ 

S3g_hCD*IJfflCDpJ^tt 

20 *fl0Jte. J»£l, &^v^£^< cDtfimt^,acD^/&*PBm^£ 

L T CD Tfc ^^14 T - )V £ $2tjg T £ CD \Z f ij ffl £ n -5 » 



5 ( 1 ) 



10 

( — «S (1) R'&tfR'tt. i-T?*oTt»IHCftftoT^t 



20 Arte, ItS^tLT^Tfei^^Ot^TfeD. 

* ^^mfc^-r. ) 
2. (2) T^^n^^mii^i^ h >fb^#ich^^tt^^tcA 

(2) 




NHR 4 




Cp 
I 

O M -X 
ll / \ 
R 3 -S-N NHR 4 

O ^ (* 

R 1 R2 

5 

(-flSit (2) R'&^'R'te, fpI-Tr* o T feSlilClfto T^T 

;i/Ss.DfR'i R>£tf-mizt£'DTmf8.2nrc#m&^is < teaman 

Xlt 7-t>ttItSD. 

*«, ^f^j^^^^-t. ) 

3. itufe-J&iS (1) (2) R'> R'2£tfR 3 te, |pJ~T&oT 

5fT57x-JH. js*3?lgc 1 ~ 5 07jV3^yS^^t§7i-JH 

(D it ¥ ^ -14 t j p n - ; v<d m. m o 
25 n. soffiTK^T-e^^-r^. z. t\z& o ^ h yit^^^^mitvxit^m 



;55 



■1St A ( 3 ) 

R S R 6 R 9 R 10 

W Ru Z 

V D ^ I \ M / 

P v N 

/\ /\ 

R 7 R 8 R 1 1 R 1 2 



(-«5£ (3) Wtt, UT^T fect</i«g^mT-* 0 . 

10 Tt>J:^ft*«»*»J«l/T^Tt)«fc^ LR'iR'tMl^oTi 

15 Ytt» BH^JK 7 — Jr>&m-l:$> 0 » 

5. MfE — (3) <K R 5 R 6 P-W-PR 7 R'lCO$, W« 2 fiS. 

20 

6. m$zm&mmfc. ;—)i>x.izx.? s—jw&z* m&mi-s 

7. mm&mim-&-?\z?f m$tm\~~s<o^-?nfr\z^m<Dyt¥m& 

1 ~ 7 <7)^-?nfr\Z^WL<DJt¥%i&7 )V<D<m.feo 



:i6 



;{7 



T bE! i< T 3t $ tl 3 )V 5=- - ^ A $g ft: RuCl [ (S. S) -Tsdpen] (p-cymene) £ 



5 




Ph Ph 



1/7 




2/7 
M2 




3/7 



HI3 




4/7 




6/7 
HI6 




